Effects of cell swelling on intracellular calcium and membrane currents in bovine articular chondrocytes.
Chondrocytes experience a dynamic extracellular osmotic environment during normal joint loading when fluid is forced from the matrix, increasing the local proteoglycan concentration and therefore the ionic strength and osmolarity. To exist in such a challenging environment, chondrocytes must possess mechanisms by which cell volume can be regulated. In this study, we investigated the ability of bovine articular chondrocytes (BAC) to regulate cell volume during a hypo-osmotic challenge. We also examined the effect of hypo-osmotic stress on early signaling events including [Ca2+](i) and membrane currents. Changes in cell volume were measured by monitoring the fluorescence of calcein-loaded cells. [Ca2+](i) was quantified using fura-2, and membrane currents were recorded using patch clamp. BAC exhibited regulated volume decrease (RVD) when exposed to hypo-osmotic saline which was inhibited by Gd3+. Swelling stimulated [Ca2+](i) transients in BAC which were dependent on swelling magnitude. Gd3+, zero [Ca2+](o), and thapsigargin all attenuated the [Ca2+](i) response, suggesting roles for Ca2+ influx through stretch activated channels, and Ca2+ release from intracellular stores. Inward and outward membrane currents significantly increased during cell swelling and were inhibited by Gd3+. These results indicate that RVD in BAC may involve [Ca2+](i) and ion channel activation, both of which play pivotal roles in RVD in other cell types. These signaling pathways are also similar to those activated in chondrocytes subjected to other biophysical signals. It is possible, then, that these signaling events may also be involved in a mechanism by which mechanical loads are transduced into appropriate cellular responses by chondrocytes.